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Objectives. This study sought to study the change in autonomic
tone that precedes the initiation of paroxysmal atrial flutter.
Background. An abrupt change in the autonomic tone of the
heart is an important initiating factor in the pathogenesis of
ventricular tachyarrhythmias and paroxysmal atrial fibrillation.
Whether the autonomic tone has a role in the initiation of
paroxysmal atrial flutter has not been reported.
Methods. Holter electrocardiographic recording was used to
investigate the changes in heart rate variability before the onset of
paroxysmal atrial flutter.
Results. A total of 12 patients with paroxysmal atrial flutter
were analyzed. An increase in the normalized value of the low
frequency (LF) component and the LF/high frequency (HF) ratio
and a decrease in the normalized value of the HF component
began at 6 min before the onset of episodes of paroxysmal atrial
flutter, which indicated that sympathovagal balance had shifted to
more sympathetic predominance.
Conclusions. An increase in sympathetic modulation or vagal
withdrawal, or both, may facilitate the initiation of atrial flutter.
(J Am Coll Cardiol 1998;31:602–7)
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An abrupt change in autonomic tone has been considered an
important factor in the initiation of ventricular tachyarrhyth-
mias and paroxysmal atrial fibrillation (1–4). However, the role
of autonomic tone in the initiation of paroxysmal atrial flutter
has not been reported. In recent years, heart rate variability
(HRV) has become a noninvasive tool with which to investi-
gate the sympathetic and parasympathetic activities of the
heart (5–13). To understand the effects of autonomic tone on
its initiation of atrial flutter, we investigated the changes of
HRV before the onset of atrial flutter.
Methods
Clinical characteristics. From January 1994 through Sep-
tember 1996, 9,382 patients underwent 24-h Holter monitoring
at Veterans General Hospital-Taipei. Patients whose record-
ings fulfilled the following criteria were included in the study:
1) at least one episode of paroxysmal atrial flutter .1 min; 2)
the flutter wave was clearly interpreted from the recording and
was characterized by a remarkably uniform beat to beat cycle
length, configuration, polarity and amplitude of recorded atrial
electrograms; 3) the flutter cycle length was 180 to 240 ms, and
the maximal change in cycle length was ,20 ms; 4) there was
no association with atrial fibrillation, which was defined as
three or more consecutive atrial extrasystolic cycle lengths
,200 ms; 5) the duration of sinus rhythm preceding the onset
of atrial flutter was .30 min; and 6) typical atrial flutter was
confirmed by electrophysiologic study (14–16). Patients with
diabetic mellitus, uremia, recent myocardial infarction, conges-
tive heart failure, ischemic ST segment depression preceding
the onset of atrial flutter, sinus pause or atrioventricular block
or those taking antiarrhythmic agents were excluded from the
study. Patients with frequent attacks of atrial arrhythmias
throughout the entire 24-h recording period were also ex-
cluded because frequent ectopic beats made the recordings
unsuitable for assessment of HRV before the onset of the
episode of atrial flutter.
Assessment of HRV. Tape-recorded electrocardiograms
(ECGs) for each subject were digitally processed and anno-
tated by manual editing with the Holter Analysis System
(Oxford Medilog Excel, Oxford Medical Instruments). After
QRS configuration classification, the longest and shortest RR
intervals on the RR interval histogram and the largest and
smallest RR ratios on the RR ratio histogram were manually
confirmed until no QRS complex was mislabeled as either an
artifact or an ectopic beat. The QRS complexes during the
30-min period before an atrial flutter episode were also visually
checked to ensure that all normal and abnormal QRS com-
plexes during this period were correctly labeled. In the calcu-
lation of heart rate variables, only normal to normal intervals
were included. Each interval that was to be excluded because
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of ectopic beats or artifacts was replaced by the coupling
interval value of the next valid normal to normal interval.
Mean heart rate was derived from the mean values of all
normal RR intervals.
We analyzed HRV at 2-min intervals over a 30-min period
before the onset of atrial flutter. In addition, HRV over 60 min
before the onset of atrial flutter and over the entire 24-h period
was calculated. The time domain indexes of HRV that were
measured were mean RR interval and standard deviation of
the RR intervals (SDNN). The mean of all coupling intervals
between normal sinus beats were expressed in milliseconds. In
frequency domain analysis of HRV, stationary segments de-
void of arrhythmias were analyzed with autoregressive algo-
rithms. Three frequency domain components were computed:
very low frequency (VLF) (,0.04 Hz), low frequency (LF)
(0.04 to 0.15 Hz) and high frequency (HF) (0.15 to 0.40 Hz).
The LF and HF oscillatory components are presented both in




Total power @ms2# 2 PowerVLF@ms2#
3 100,
where Power indicates the power of the LF or HF component,
and PowerVLF indicates the power of the VLF component
(9–11).
Statistical analysis. The statistical significance of differ-
ences between mean values was tested with paired and un-
paired t tests as appropriate. If the patient had more than one
episode of atrial flutter, we used the autoregressive model to
test the dependence or independence among the different
episodes. Because statistical analysis showed dependence
among the different episodes in this study, we chose the first
episode for analysis in each patient.
Results
Patients. Twelve patients fulfilled the inclusion criteria
(four women, eight men; mean [6SD] age 55 6 6 years, range
50 to 65), and typical atrial flutter was confirmed by electro-
physiologic study (14–16). The history of palpitation ranged
from 0.5 to 5 years. Among these 12 patients, three had
hypertension, two had hypertension with coronary artery dis-
ease, and three had valvular heart disease (Table 1). A total of
20 episodes of atrial flutter had occurred. Six patients had only
one episode, four patients had two episodes, and two patients
had three episodes. Statistical analysis (using the autoregres-
sive model) showed dependence among the different episodes
in the six patients with more than one episode (autocorrelation
value 0.91). Therefore, we chose only the first episode in each
patient for analysis (Fig. 1). All patients had typical atrial
flutter during electrophysiologic study, with three patients
receiving isoproterenol for induction of atrial flutter. In addi-
tion, atypical atrial flutter could be induced in three patients
and atrial fibrillation in five. The mean cycle length of atrial
flutter was 211 6 10 ms.
The mean RR interval, LF and HF components and LF/HF
ratio were similar between the 24- and 1-h analyses before the
onset of atrial flutter (Table 2). The mean RR interval
decreased significantly in all patients at 4 min before the
initiation of atrial flutter (Fig. 2A). SDNN decreased signifi-
cantly at 6 min before the initiation of atrial flutter (Fig. 2B).
Frequency domain analysis also showed a significant change
immediately before the onset of atrial flutter compared with
that at 1-h before the onset (Fig. 3). The mean LF/HF ratio in
frequency domain analysis, which implied sympathovagal bal-
ance, showed a significant increase at 6 min before the
initiation of atrial flutter; and the LF component, in absolute
values, which partially represented sympathetic modulation,
showed a significant increase from 2 min before the initiation
of atrial flutter. However, the HF component, in absolute
values, showed no significant change (Fig. 4A). When ex-
pressed in normalized values, the LF component showed a
significant increase, whereas the HF component showed a
significant decrease, at 6 min before the onset of atrial flutter
(Fig. 4B). The normalized unit shows the relative values of the
LF and HF components, which implies sympathovagal balance
(9–13). Therefore, the changes were compatible with the
change in LF/HF ratio. These results indicate that the atrial
flutter episodes showed an increase in sympathetic modulation
with vagal withdrawal before the onset.
When we examined the change pattern in each patient,
Abbreviations and Acronyms
ECG 5 electrocardiogram, electrocardiographic
HF 5 high frequency
HRV 5 heart rate variability
LF 5 low frequency
NU 5 normalized units
SDNN 5 standard deviation of RR intervals
VLF 5 very low frequency









CV Disease CV Therapy
1 52/M 2 HTN Thiazide
2 58/M 0.5 HTN, CAD Enalapril, nitrocontin, ASA
3 72/M 1 None None
4 50/F 1 None None
5 53/F 3 HR Enalapril
6 65/M 2 None None
7 57/M 5 MR 1 AoR Captopril, thiazide
8 70/F 3 None None
9 55/M 2 HTN Enalapril, felodipine
10 65/M 2 HTN, CAD Captopril, ASA, isordil
11 67/M 4 HTN Captopril, thiazide
12 48/M 1 MR Thiazide
AoR 5 aortic regurgitation; ASA 5 aspirin; CAD 5 coronary artery disease;
CV 5 cardiovascular; F 5 female; HTN 5 hypertension; M 5 male; MR 5
mitral regurgitation; Pt 5 patient.
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although each of the 12 patients showed an increase in LF/HF
ratio during the last several minutes, 7 patients showed a
greater decrease in the HF component (absolute values) than
in the LF component (Fig. 5A). As the LF and HF components
(normalized values) showed, all seven patients had a significant
decrease in the HF component, with an increase in the LF
component (Fig. 5B), which indicates that the sympathovagal
balance shifted to more sympathetic predominance. In con-
trast, the other five patients showed only an increase in LF
component (absolute values), without a significant change in
the HF component (Fig. 6A). Again, as we examined the
changes in normalized values, all these patients showed a
significant increase in the LF component, with decrease in the
HF component (Fig. 6B).
The mean number of atrial extrasystoles before the onset of
atrial flutter was 2 6 1. The number of atrial extrasystoles
within 10 min before the onset of atrial flutter was not
significantly higher than the 24-h average (Table 3).
Discussion
Main findings. To our knowledge, this is the first study to
demonstrate that the HRV had a significant change within the
10-min period before the onset of atrial flutter. Mean RR
interval and SDNN showed a gradual decrease before the
onset of atrial flutter in most of the patients. The LF compo-
nent in (normalized units) and the LF/HF ratio (frequency
domain analysis) showed an increase, whereas the HF compo-
nent (normalized units) showed a decrease. These changes
suggest that the sympathetic excitation or vagal withdrawal, or
both may facilitate the onset of typical atrial flutter.
Relation between autonomic tone and atrial flutter. Previ-
ous studies (1–4) have demonstrated that an alternation in
HRV during the last few minutes before the onset of ventric-
ular tachyarrhythmia and atrial fibrillation plays an important
role in the pathogenesis of these arrhythmias. We believe that
alternation in HRV during the last few minutes before the
onset of atrial flutter may also involve the pathogenesis of
atrial flutter.
Spectral analysis of HRV can in part separate parasympa-
thetic from sympathetic drive to the heart (5–13). The LF
component of the spectral HRV gives a measure of sympa-
thetic activity, with some influence from vagal activity, whereas
the HF component is almost exclusively mediated by vagal
activity. The LF/HF ratio has been used as an index of the
sympathovagal balance of the heart. An increase in the LF/HF
ratio suggests sympathetic predominance as a result of in-
creased sympathetic drive or decreased parasympathetic drive
to the heart, or both. Because sympathovagal interaction may
play a more important role in the modulation of normal
Figure 1. Example of spontaneous
onset of typical atrial flutter. A,
24-h electrogram. Vertical axis
shows heart rate (beats/min). B
and C, One premature beat initiat-
ing atrial flutter.
Table 2. Comparison of Heart Rate Variability Between 24 and 1 h




(mean 6 SD) p Value
RR (ms) 754 6 113 725 6 121 0.58
HF (ms2) 1,224 6 705 1,488 6 762 0.64
HF (NU) 48.1 6 6.8 49.7 6 8.0 0.82
LF (ms2) 1,306 6 762 1,615 6 810 0.66
LF (NU) 49.0 6 8.1 50.1 6 9.7 0.75
LF/HF 1.15 6 0.6 1.08 6 0.7 0.78
HF 5 high frequency; LF 5 low frequency; NU 5 normalized units.
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cardiac activities and the pathogenesis of atrial arrhythmias
than sympathetic or parasympathetic activity alone, the LF/HF
ratio may be of greater clinical significance than either the HF
or LF component of HRV. Pagani et al. (9–11) showed that
aging and various pathophysiologic conditions had a significant
effect on the absolute values of the LF and HF components
that could be minimized by the normalization process. Using
the LF/HF ratio and normalized values of the LF and HF
components as indexes of cardiac sympathovagal interaction,
we clearly demonstrated that there is an altered autonomic
input to the heart immediately before the onset of episodes of
atrial flutter. This altered autonomic activity seemed to result
from reduced vagal drive and was associated with increased
sympathetic drive to the heart because the normalized value of
the HF component significantly decreased and the LF compo-
nent increased in all patients. The consequent sympathovagal
unbalance may contribute to the pathogenesis of paroxysmal
atrial flutter in these patients. This hypothesis is further
supported by the finding that an increase in heart rate occurred
before the onset of atrial flutter. These observations imply that
both the reduced vagal activity and enhanced sympathetic
activity are important in the pathogenesis of atrial arrhythmia.
Figure 2. A, Mean RR interval significantly decreased at 4 min before
onset of atrial flutter. B, SDNN significantly decreased at 6 min before
onset of atrial flutter. *p , 0.05 versus 1-h average data.
Figure 3. Example of power spectral analysis. A, Data at 1-h before
onset of atrial flutter. B, Data within 2 min immediately before onset
of atrial flutter. PSD 5 power spectral density.
Figure 4. A, Trend of LF and HF components and LF/HF ratio before
onset of atrial flutter in 12 patients. Vertical axis shows absolute
values. B, Changes in LF and HF components in normalized units
(nu). *p , 0.05 versus 1-h average data.
605JACC Vol. 31, No. 3 WEN ET AL.
March 1, 1998:602–7 AUTONOMIC TONE AND TYPICAL ATRIAL FLUTTER
Waldo et al. (17) showed that the onset of type I atrial
flutter in patients after open heart surgery is caused by a
transitional rhythm of variable length. The transitional rhythm
is usually atrial fibrillation. In contrast, all the episodes of atrial
flutter with atrial fibrillation were excluded in the present
study. Our finding suggested that during enhanced sympathetic
tone or decreased vagal tone, or both, typical atrial flutter can
be initiated with one or two atrial extrasystoles and without a
transitional rhythm. Previous studies, have shown that en-
hanced sympathetic drive could induce atrial fibrillation (3,4);
that is, enhanced sympathetic tone can directly induce atrial
flutter or induce atrial fibrillation, which then transforms to
atrial flutter.
In the present study, the frequency of isolated atrial pre-
mature beats did not increase significantly within the 10-min
period before the initiation of atrial flutter compared with the
average value from 24-h ECG recording. If the number of
atrial extrasystoles increased significantly before the initiation
of atrial flutter, it is possible that the atrial extrasystoles
themselves affected the electrophysiologic characteristics of
atrial tissues and facilitated the creation of the atrial flutter
reentrant circuit. The results of the present study suggested
that a change in autonomic tone may affect the electrophysi-
ologic characteristics of atrial tissues, thus facilitating the atrial
extrasystole-induced atrial flutter.
Study limitations. We excluded from the study patients in
whom transient atrial fibrillation preceded the onset of atrial
flutter because they usually showed atrial fibrillation on the
24-h ECG recording, and many of them did not undergo
electrophysiologic study. Furthermore, whether the change in
HRV before the onset of preceding atrial fibrillation has a role
in its transformation to atrial flutter is another issue; we plan to
investigate this issue in the next study protocol. Another
limitation is the criterion of cycle length alternans. Because
the minimal scale of the surface ECG on the Holter
recording is 40 ms, it was difficult to obtain a 10- or 5-ms
change in flutter cycle length. We therefore set the criterion
of cycle length alternans at 20 ms, even though this is a large
interval.
Conclusions. The present study showed that enhanced
sympathetic modulation or decreased vagal tone, or both, may
facilitate the spontaneous onset of typical atrial flutter. How-
ever, the role of autonomic tone in the initiation of atypical
atrial flutter and transition from atrial fibrillation to atrial
flutter requires further study.
Figure 5. A, Changes in LF and HF components and LF/HF ratio
before onset of atrial flutter in the seven patients with a decrease in LF
and HF components (absolute values). B, Seven patients with an
increase in the LF but a decrease in the HF component (normalized
units [nu]). *p , 0.05 versus 1-h average data.
Figure 6. A, Changes in LF and HF components and LF/HF ratio
before onset of atrial flutter in the five patients with an increase in
absolute value of the LF component. B, Five patients with an increase
in the LF but a decrease in the HF component (normalized units [nu]).
*p , 0.05 versus 1-h average data.
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Table 3. Atrial Extrasystoles and Onset of Paroxysmal Atrial Flutter









Pt 1 5 5 2
Pt 2
Episode 1 7 6 3
Episode 2 2 2 1
Episode 3 2 4 2
Pt 3 5 8 1
Pt 4 4 5 2
Pt 5
Episode 1 7 8 2
Episode 2 7 9 4
Pt 6
Episode 1 6 6 2
Episode 2 6 4 1
Episode 3 6 7 3
Pt 7 9 5 1
Pt 8
Episode 1 4 10 3
Episode 2 4 5 1
Pt 9
Episode 1 3 11 2
Episode 2 3 6 3
Pt 10
Episode 1 3 7 1
Episode 2 3 2 2
Pt 11 7 12 1
Pt 12 2 3 2
5 6 2* 6 6 3* 2 6 1*
*Mean 6 SD. AFL 5 atrial flutter; Pt 5 patient.
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